Socio-economic Status and Academic 
Achievement Trajectories from Childhood to 

Adolescence 


Daniel H. Caro 

International Max Planck Research School LIFE 
James Ted McDonald & J. Douglas Willms 
University of New Brunswick 


Although a positive relationship between socio-economic status and academic 
achievement is well-established, how it varies with age is not. This article uses four 
data points from Canada's National Longitudinal Study of Children and Youth 
(NLSCY) to examine how the academic achievement gap attributed to SES changes 
from childhood to adolescence (ages 7 to 15). Estimates of panel data and hierarchical 
linear models indicate that the gap remains fairly stable from the age of 7 to 11 years 
and widens at an increasing rate from the age of 11 to the age of 15 years. Theoretical 
arguments and policy implications surrounding this finding are discussed. 
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Bien qu'on sache depuis longtemps qu'il existe un lien entre le statut socioeconomique et le 
rendement scolaire, il reste encore a determiner dans quelle mesure ce lien varie en fonc- 
tion de I'age. Cet article a recours a quatre points de donnees tires de I'Enquete longitudi- 
nale nationale sur les enfants et les jeunes (ELNEJ) du Canada en vue de mesurer comment 
les differences dans le rendement scolaire attribuees au statut socioeconomique changent 
de I'enfance a 1' adolescence (de 7 a 15 ans). Des estimations tirees de donnees recueillies 
au moyen d'un panel ainsi que des modeles hierarchiques lineaires indiquent que les diffe- 
rences demeurent relativement stables entre 7 ans et 11 ans et deviennent de plus en plus 
marquees entre 11 ans et 15 ans. Les auteurs font 1' analyse des arguments theoriques et des 
incidences sur les politiques entourant cette conclusion. 

Mots cles : statut socioeconomique, rendement scolaire, debut de I'adolescence, modele de 
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Extensive research in the sociology of education offers conclusive evi- 
dence of a posifive relafionship befween family socio-economic sfafus 
(SES) and fhe academic achievemenf of sfudenfs (Sirin, 2005; Whife, 
1982). In fhis research sfrand, if is fairly sfandard fo define family SES as 
fhe relative position of individuals or families wifhin a hierarchical social 
sfrucfure, based on fheir access fo, or confrol over, wealfh, prestige, and 
power (Mueller & Parcel, 1981), alfhough no sfrong consensus exisfs on 
fhe concepfual meaning of SES (Bomsfein & Bradley, 2003). And, a single 
SES variable is operafionalized fhrough measures characferizing parenfal 
educafion, parenfal occupational prestige, and family income (Gottfried, 
1985; Elauser, 1994; Mueller & Parcel, 1981). 

The relafionship befween family SES and academic achievemenf is 
referred fo in fhe liferafure as a socioeconomic gradient because if is grad- 
ual and increases across fhe range of SES (Adler ef al., 1994; Willms, 
2002, 2003), or as a socio-economic gap because if implies a gap in aca- 
demic achievemenf befween sfudenfs of high and low SES families. 
Scholars have shown fhaf a socio-economic gap in fhe early school years 
has lasting consequences. Particularly, as low SES children gef older 
fheir sifuafion fends fo worsen. Because of fheir relatively poor skills, 
fhey are prone fo leave school early (Alexander, Enfwisle, & Kabbani, 
2001; Baffin-Pearson ef ah, 2000; Cairns, Cairns, & Neckerman, 1989; Ja- 
nosz, LeBlanc, Boulerice, & Tremblay, 1997; Rumberger, 2004; Schargel, 
2004) and are less likely fo be assigned fo fhe college preparafory hack 
(Condron, 2007; Davies & Guppy, 2006; Krahn & Taylor, 2007; Maaz, 
Traufwein, Liidfke, & Baumerf, 2008; Schnabel, Alfeld, Eccles, Koller, & 
Baumerf, 2002). In fhe longer ferm, fhey are less likely fo enfer fhe labour 
markef successfully or pursue posf-secondary educafion (Alexander, 
Enfwisle, & Olson, 2007; Cabrera & La Nasa, 2001; Kerckhoff, Rauden- 
bush, & Glennie, 2001; Organisation for Economic Co-operafion and 
Developmenf [OECD] & Sfafisfics Canada, 2000; Raudenbush & Kasim, 
1998). 

Thai educational and labour opporfunifies are unequally disfribufed 
among individuals of varying SES poses concerns and challenges in so- 
ciefies fhaf value equal opporfunify irrespective of socio-economic back- 
ground. Therefore, a greaf deal of efforf has gone info explaining and 
undersfanding fhe processes fhaf configure socio-economic gradienfs. 
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For instance, Willms (2002, 2003, 2006) has proposed a framework to ex- 
amine socio-economic gradients, which consists of three critical aspects: 

1. the degree of inequalities in educational outcomes attributable to 
SES (the slope), 

2. the extent to which variation in educational outcomes is explained 
by SES (the R-squared), and 

3. the functional form of the relation between SES and educational 
outcomes (i.e., linear or curvilinear). 

National and international comparative studies have applied Willms's 
framework with fruitful policy guidelines (OECD, 2003, 2004, 2007; 
OECD & Statistics Canada, 1995; Willms, 2002, 2003, 2006; Willms & So- 
mers, 2001). 

Furthermore, researchers have examined the underlying family 
processes that mediate the relationship between SES and educational 
outcomes (Chao & Willms, 2002; Guo & Flarris, 2000; Flanson, McLana- 
han, & Thomson, 1997; Lareau, 2002; Yeung, Linver, & Brooks-Gunn, 
2002; Willms, 2003); the extent to which socioeconomic gaps in academic 
achievement are consistent across subject areas (Ma, 2000); the school 
practices that can effectively reduce achievement inequalities across SES 
groups (e.g., Gohen, 1982; Rutter & Maughan, 2002; Scheerens, 1992); the 
extent to which the effect of SES on student performance varies between 
communities and why (OEGD, 2003, 2004, 2007; Willms & Somers, 2001); 
and how economic and political forces act upon the relationship between 
socio-economic background and schooling outcomes over time (Fleath & 
Glifford, 1990; Willms & Raudenbush, 1989). 

What has been less extensively investigated is whether socio- 
economic gradients change with increasing age and how. Understanding 
this topic is crucial for policy research because it can offer insights into 
how and when inequalities reproduce and it can be altered over the life 
course. Researchers know that a gap in academic achievement between 
children of high and low SES families emerges early in life (Entwisle & 
Flayduk, 1982; Flertzman, 1994; Flertzman & Weins, 1996). But, the litera- 
ture is more equivocal regarding the trajectory of the gap over the course 
of schooling. Evidence is inconclusive, typically hinging on limited 
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methodological designs, and has been interpreted differently. Despite 
these caveats, most research lends support to a widening gap with in- 
creasing age. 

CUMULATIVE ADVANTAGE THEORY 

The purported phenomenon of a widening gap wifh age is offen referred 
fo in fhe liferafure as fhe cumulative advantage process. Merfon (1973) firsf 
invoked fhis ferm fo explain increasing success in scienfific careers; his 
research has been exfended fo invesfigafe sfrafificafion in ofher social 
domains. The cenfral claim of fhis process is fhaf fhe advanfage of one 
individual over anofher accumulafes over fime. The advanfage in ques- 
fion is fypically a key resource in fhe sfrafificafion process, for example, 
academic achievemenf for school success. The cumulative advanfage 
process explains growing inequalify when currenf levels of accumulation 
direcfly affecf fufure levels of accumulafion. And, an individual who is 
behind af a poinf in fime has difficulfy in cafching up wifh fhe resf. 

Psychologisfs and sociologisfs draw on fhe observation fhaf inequal- 
ities befween children of low SES families and high SES families fend fo 
increase as fhey move from kindergarfen fo high school fo explain fhaf 
learning follows a cumulative advanfage process (Basf & Reifsma, 1998; 
DiPrefe & Eirich, 2006; Jensen, 1966, 1974). They argue fhaf learning de- 
velops in a hierarchical fashion: more complex forms of learning build 
on simpler forms of learning. Therefore, inequalities af any sfage creafe 
sfill greafer inequalities af lafer sfages. Alfhough fhe cumulative advan- 
fage fheory does nof adopf a fheorefical or explanatory notion, scholars 
have examined several school and non-school processes fhaf may under- 
lie fhis phenomenon. 

School Influences on the Gap 

Sfudies favouring school influences argue fhaf because school practices 
are nof neufral in fheir freafmenf of sfudenfs of varying socio-economic 
backgrounds, schools fend fo produce a widening gap. For example, re- 
searchers have suggesfed fhaf recognifion and reward of culfural re- 
sources of sfudenfs from advanfaged backgrounds (Bourdieu, 1977; 
Condron, 2007) and disproporfionafe assignmenf of low SES sfudenfs fo 
lower school fracks (e.g., Kerckhoff, 1993; Pallas, Enfwisle, Alexander, & 
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Stiuka, 1994) lead to increasing inequalities between high and low SES 
students over time. Further research has shown that the effects of frack- 
ing depend in parf on fhe way fracking is organized (Gamoran, 1992). 

In fhe Unifed Sfafes and Canada fracking occurs wifh sfudenfs 
choosing or being assigned fo classes working af differenf levels or cov- 
ering differenf confenf (i.e., course-level grouping). Broadly speaking, 
under fhis fracking approach, high SES sfudenfs are more likely in dis- 
proporfionafe numbers fo enrol in advance courses leading fo college 
educafion and low SES sfudenfs are more likely fo enfer vocafional pro- 
grams (Alexander, Enfwisle, & Olson, 2007; Davies & Guppy, 2006; Ga- 
moran, Nysfrand, Berends, & LePore, 1995; Hallinan, 1994; Hoffer, 1992; 
Jones, Vanfossen, & Ensminger, 1995; Krahn & Taylor, 2007; Schnabel ef 
al., 2002). As a resulf, sfudenfs faking college preparafory courses in- 
creasingly diverge from fhose less academically inclined in ferms of fheir 
academic achievemenf (Gamoran ef al., 1995; Hallinan, 1994; Hoffer, 
1992). 

Non-School Influences on the Gap 

A compefing argumenf is fhaf non-school influences are fhe major gafe- 
way for increasing inequalifies. For insfance, Alexander, Enfwisle, and 
Olson (2001) and Downey, von Hippel, and Broh (2004) mainfain fhaf 
family influences during summer vacafions fhroughouf elemenfary 
grade years lead fo a widening gap in academic achievemenf. They 
found evidence fhaf fhe SES gap grows fasfer during summer fhan dur- 
ing fhe school year. Thus, rafher fhan exacerbafing inequalifies, fhese 
scholars mainfain fhaf schools acfually play a compensafory role, which 
is offen neglecfed, in mediating fhe effecf of family SES on academic 
achievemenf because achievemenf is compared on an annual basis. 

Goldfhorpe (1996) and Breen and Goldfhorpe (1997) argue fhaf sfu- 
denfs make educational decisions by calculating fheir cosfs, anficipafed 
benefifs, probabilify of success, and fhe affracfiveness of alfernafive op- 
tions. Because fhese aspecfs vary among SES groups, fhe degree fo which 
sfudenfs of differenf socio-economic backgrounds view schooling as de- 
sirable varies as well. As low SES sfudenfs gef older and sfarf fo have 
fheir firsf serious fhoughfs abouf fufure careers, fhey may regard fhe 
prospecf of exerfing greaf efforf in school as not worth it, given fhe anfici- 
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pation of eventually paying high tuition fees for university while lacking 
resources to afford them. Similarly, Guo (1998) argues that students be- 
gin to understand during early adolescence how society's opportunity 
structure operates. They become aware that society rewards individuals 
of varying SES differently. Students of low SES families realize they are 
likely to be excluded from desirable jobs and, consequently, they go 
through a process of disillusionment. As a result, these scholars antici- 
pate a widening SES gap with age due to students' being less motivated 
and placing less effort into their academic activities. 

THIS STUDY 

The present study examines the trajectory of the academic achievement 
gap of high and low SES Canadian students from childhood to adoles- 
cence. Focusing on mathematics academic performance, we sought to 
establish whether the achievement gap associated with SES widens with 
increasing age. We do not see this study as a test of the relative validity 
of the theoretical processes discussed above. Rather, we simply wish to 
acknowledge that a variety of theoretical arguments are offered to ex- 
plain how the academic achievement gap attributed to SES may change 
over the course of schooling and that most of them suggest it widens. 
Although we do not model these processes, we do feel our study pro- 
vides an initial step to address this topic in Canada, using a sophisticated 
and appropriate methodological design. 

Prior empirical evidence stems largely from cross-sectional data, 
two- or, at best, three-time point longitudinal designs (e.g., Guo, 1998; 
Hoffer, 1992; Ross & Wu, 1996; Willms, 2002). Cross-sectional designs 
confound age and cohort effects; two-time point designs provide a very 
limited source of intra-individual variability to study change in the gap 
(Baltes, Reese, & Nesselroade, 1988; Bryk & Raudenbush, 1987, Rauden- 
bush & Bryk, 2002). Instead, our study advances previous research by 
drawing on a four-time point longitudinal design. Additionally, we use 
statistical techniques well-suited to analyze longitudinal data (i.e., hier- 
archical linear models and panel data models) and account for potential 
biases that may emerge from having ceiling values in the mathematics 
achievement measure. Both the use of four-time point observations and 
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the application of these sophisticated statistical modeling techniques are 
more appropriate than those used in past studies. 

DATA 

Sample 

The data stem from fhe firsf four cycles (1994-1995, 1996-1997, 1998-1999, 
and 2000-2001) of Canada's National Longifudinal Sfudy of Children and 
Youfh (NLSCY). The NLSCY followed a represenfafive sample of Cana- 
dian children from birfh fo 11 years of age info adulfhood, wifh dafa col- 
lecfed af fwo-year infervals. In cycle 1, a sample of 22,831 children aged 0 
fo 11 was selecfed. For cycles 2, 3, and 4, 16,903, 16,718, and 15,632 child- 
ren and adolescenfs remained in fhe longifudinal sample. 

Over fhe firsf four cycles, fhe NLSCY collecfed information on child- 
ren, fheir families, healfh, developmenf, femperamenf, behaviour, rela- 
fionships, school experiences, parficipafion in acfivifies, among ofher 
aspecfs (Sfafisfics Canada, 1999). Our sfudy drew on fhe socio-economic 
dafa and fhe achievemenf dafa derived from fhe mafhemafics fesfs ap- 
plied fo children from grade 2 and onwards (Sfafisfics Canada, 2001a). 
Our analytic sample of 6,290 sfudenfs is resfricfed fo children and ado- 
lescenfs aged 7-15 who were attending school, took fhe mafh fesf, and 
had a mafhemafics score in af leasf fwo cycles (see Table 1). 

Measures 

The dependenf variable is mafhemafics achievemenf, which we obfained 
from a shortened version of fhe "Mafhemafics Compufafion Tesf" of fhe 
sfandardized Canadian Achievement Test, Second Edifion (CAT/2). This 
version measures sfudenfs' abilify fo do addifion, subfracfion, mulfipli- 
cafion, and division operafions on whole numbers, decimals, fractions, 
negatives, and exponenfs. Problem solving involving percenfages and 
fhe order of operafions are also measured (Sfafisfics Canada, 2001b). The 
fesf, which included abouf 15 questions, was adminisfered in school. For 
grade-2 sfudenfs, an interviewer read fhe question and recorded fhe an- 
swers on an answer sheef. For sfudenfs in grade 3 or above, sfudenfs 
read fhe quesfion and gave an interviewer fhe answer. 
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Table 1 

Sample Distribution by Age 


Age Cycles 


(in years) 

1 

2 

3 

4 

7 

411 

586 

419 


8 

571 

690 

541 


9 

507 

682 

449 

429 

10 

550 

785 

642 

463 

11 

526 

667 

439 

653 

12 


687 

644 

631 

13 


600 

397 

628 

14 



563 

679 

15 



402 

606 

Total 

2,565 

4,697 

4,496 

4,089 


Test difficulty varied with the school grade of fhe sfudenfs. There 
were fhus differenf fesf forms depending on fhe grade level in which a 
sfudenf was enrolled. These forms included a series of over-lapping 
ifems fhaf were verfically equaled such fhaf a confinuous scale was used 
fo assess sfudenf growfh. A gross score and a scaled score were calcu- 
lafed for each sfudenf. The gross score was obfained by adding fhe num- 
ber of correcf answers. The scaled score, fhe one used in fhis sfudy, was 
derived from sfandards esfablished by fhe Canadian Tesf Cenfre (CTC). 
The CTC developed fhese sfandards from a sample of Canadian children 
from all 10 provinces. The scaled scores, ranging from 1 fo 999, were 
unifs of a single scale wifh equidisfanf infervals fhaf cover all fhe grade 
levels. 

The response rafe of fhe mafhemafics fesf was rafher low: 48 per 
cenf, 74 per cenf, 49 per cenf, and 81 per cenf in cycles 1 fo 4, respecfive- 
ly. This response rafe infroduces a pofenfial source of bias fhaf is nof ac- 
counfed for wifhin fhe model framework because of fhe absence of suif- 
able insfrumenfal variables. However, fhe low response rafe is nof simp- 
ly due fo affrifion. In fhe firsf cycle if mainly had fo do wifh fhe fhree-fier 
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process that Statistics Canada used to obtain permission to test children 
at school: students were tested only if permission were granted by the 
school district, the school principal, and the parents. The majority of non- 
response was affribufable fo school disfricfs nof granfing permission, a 
factor fhaf was nof necessarily relafed fo SES. 

In fhe second and subsequenf cycles, permission was required only 
af fhe school and family levels. Therefore, many children in fhe sample 
were nof fesfed af cycle 1 buf were subsequenfly fesfed af cycles 2, 3, and 
4. Also, our models confrol for a number of demographic factors in addi- 
fion fo SES fhaf may be relafed fo response rafe, and fherefore fhe pofen- 
fial bias in fhe SES relafionship may be somewhaf mitigated. In facf, un- 
reporfed analyzes show fhaf SES is posifively, albeif weakly, relafed fo 
fhe non-response on fhe mafhemafics fesf, buf age and ifs interaction 
wifh SES are nof. Hence, alfhough esfimafes of SES mean effecfs on fesf 
scores may be slighfly biased, our findings are based on fhe inferacfion 
of SES wifh age, which is nof sysfemafically relafed fo fhe response rafe 
and fherefore is less likely fo be biased affer confrolling for ofher demo- 
graphic factors. 

Key explanatory variables are age and SES. Age is summarized in 
dichotomous variables af each age level and is also measured in monfhs. 
Following prior lifer afure (Duff on & Levine, 1989; Gottfried, 1985; Haus- 
er, 1994; Mueller & Parcel, 1981), SES is a composite of family income, 
parenfal education, and parenfal occupational prestige. Willms and 
Shields (1996) calculafed SES for fhe NLSCY by means of principal com- 
ponenf analysis. We used fhe wifhin-individual average of fheir SES 
variable across fhe various cycles for which dafa were available. The re- 
sulting fime-invarianf SES variable, measured in a confinuous scale, was 
sfandardized fo have a mean of zero and a sfandard deviation (SD) of 
one across fhe populafion of sfudenfs fhaf our sample represented. By 
measuring SES affer, before, and af fhe occurrence of fhe mafhemafics 
oufcome, fhe validity of a single-fime poinf SES measure mighf be im- 
proved. And, we expecf fhe bias of SES effecfs on mafhemafics achieve- 
menf due fo unobserved SES aspecfs fo be reduced (Duncan & Brooks- 
Gunn, 1997). In anofher work Garo and Lehmann (2009) have shown fhaf 
inasmuch as parenfal education predominanfly drives SES, if is fairly 
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invariant over school years and its variation is not significantly related to 
academic performance. 

We included ofher family and sfudenf characferisfics in response fo 
fheorefical considerafions and as confrol variables. These are sfudenf s' 
sex, whefher fhey lived in a single or a fwo parenf family, whefher fhe 
person mosf knowledgeable abouf fhe children (PMK) immigrafed fo 
Canada, whefher fhe mofhers were feenagers af fhe birfh of fhe child, 
and fhe number of siblings in fhe family. We summarized fhe firsf four 
characferisfics info dummy variables and measured fhe lasf one in an 
inferval scale. Descripfive sfafisfics of variables included in fhis sfudy are 
presenfed in Appendix A. Missing values for fhe number of siblings in 
fhe family and whefher fhe mofher was a feenager af fhe child's birfh 
have been impufed using fhe Hof Deck mefhod (Liffle & Rubin, 1987). 

MODEL 

We evaluafed fhe frajecfory of fhe SES gap wifh a fwo-level model of 
mafhemafics measures (level 1) nesfed wifhin sfudenf s (level 2). The lev- 
el 1 specificafion for each sfudenf i in each period or cycle j is ^ 

yij = ^oi + + 7T^,agel +s,., . . .( 1 ) 

where yij is fhe mafhemafics score, ageij is fhe age of fhe individual in 
monfhs cenfred af 144 monfhs, and £ij has fhe sfandard properfies of a 
regression residual. The infercepf nm, fhe inifial sfafus , represenfs fhe 
average mafhemafics achievemenf of person i af fhe age of 144 monfhs. 
The linear componenf, nu, is fhe rafe of change in mafhemafics achieve- 
menf for person i af fhe age of 144 monfhs. And nii capfures fhe accelera- 
fion in each growfh frajecfory. The inifial sfafus and fhe rafe of change 
vary depending on where fhe age of an individual is cenfred and fhe ac- 
celerafion paramefer is a characferisfic of fhe entire frajecfory. 

There is a separafe equation for each level 1 coefficienf af level 2: 


Equations are numbered consecutively, with the equation number placed within paren- 
theses and right justified. 
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^ oi ^00 ^Ol^i ^Oi •••(2) 

^ 2i = P 20 + Pixses, ...(4) 



~ N 

Yo^ 

9 


r 

^01 

) 




V^io 

^11 J_ 


Cij includes 8 variables: 5 theoretically relevant controls (i.e., sex, mi- 
gration background, single-parent family, teenage mother, and siblings) 
and 3 time-period dummies for cycles 2, 3, and 4. The fime-invarianf SES 
measure is sesi. All variables are cenfred af fheir populafion means. The 
accelerafion paramefer does nof include a random componenf. This 
paramefer needs af leasf four dafa poinfs fo be random. In our sample, 
however, only 13.5 per cenf of sfudenfs have four dafa poinfs and fhe 
resf have eifher fhree- or fwo-fime poinfs (41.6 per cenf and 44.9 per cenf 
of sfudenfs, respecfively). Because only 13.5 per cenf of sfudenfs have 
sufficienf degrees of freedom fo evaluafe whefher fhis paramefer is ran- 
dom or nof, we decided fo hold if fixed. 

In equafion (3), paramefer fin capfures fhe effecf of SES on fhe 
mafhemafics growfh rafe af fhe age of 12 (144 monfhs). A posifive and 
sfafisfically significanf esfimafe would indicafe fhaf higher SES sfudenfs 
grow more rapidly in fheir mafhemafics skills fhan lower SES sfudenfs 
and vice versa. If SES is posifively relafed fo mafhemafics achievemenf 
levels (i.e., fioi is posifive) and higher SES sfudenfs grow af fasfer rafes, 
fhen fhe mafhemafics achievemenf gap associafed wifh SES widens wifh 
age. Thus, fhe crifical fesf regarding fhe frajecfory of fhe gap is whefher 
jSuis equal fo, greafer fhan, or less fhan zero. 

By subsfifufing equafions (2), (3), and (4) in equafion (1), fhe fwo- 
level model is consolidafed in a combined model: 


yij = Ao + AiC; +/^02^eSi +/3ioagey + + !3,,,sesflge,^ 
+ + P^^sesflge^^ + (Mo,- + -t f,^) 


...( 5 ) 
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The combined model in equation (5), which includes both fixed and 
random effects, is referred fo in fhe lifer afure as mixed model (Diggle, 
Liang, & Zeger, 1994). The fixed effecfs are represenfed by each jSs and 
fhe random effecfs by bofh uoi, un, and fhe level 1 residual eij. 

We esfimafed equation (5) by means of hierarchical linear models 
(Raudenbush & Bryk, 2002) and panel dafa models (Greene, 2004). In 
addition fo fhe fradifional random and fixed effecfs panel dafa models, 
we esfimafed fhe censored random effecfs models fo confrol for ceiling 
values in fhe mafhemafics achievemenf measure. In cycle 1, 38 per cenf 
and 16 per cenf of sfudenfs in grades 3 and 5, respecfively, achieved fhe 
maximum score in fhe mafhemafics fesfs, infroducing a pofenfial source 
of bias in our esfimafes. In cycles 2, 3, and 4, fhe NLSCY prepared more 
versions of fhe mafhemafics fesfs, wifh differenf levels of difficulfy, fo 
offsef fhis problem; however, fhis source of bias continued fo a cerfain 
degree in fhese lafer cycles. Infuifively, censored random effecfs models 
counfer-acfed ceiling effecfs by accounfing for fhe probabilify of scoring 
af or above fhe ceiling value wifhin fhe maximum likelihood esfimafion 
algorifhm (Greene, 2004). The effecfs of SES are fhus esfimafed for a 
lafenf uncensored mafhemafics variable, rafher fhan for fhe observed 
mafhemafics variable. 

RESULTS 

We reporf model esfimafes of equafion (5) in Table 2 in ferms of unsfan- 
dardized regression coefficienfs. The nafure of fixed effecfs models (i.e., 
all variables are fime-demeaned wifhin sfudenfs prior fo esfimafion) 
preclude estimating effecfs of fime-invarianf covariafes. These models 
can, however, esfimafe effecfs of fime-invarianf covariafes inferacfed 
wifh fime-varianf variables, as is fhe case of SES and ifs inferacfion wifh 
fhe age. Alfhough if is a common pracfice fo choose befween fixed or 
random effecf esfimafes, we decided fo keep bofh, given fheir remark- 
able consisfency wifh respecf fo fhe SES-age inferacfion coefficienfs. 
Nexf, we reporf effecfs fhaf were consisfenfly significanf in fhe differenf 
regression fechniques. Effecf sizes are reporfed in relafion fo a SD of fhe 
mafhemafics achievemenf measure, i.e., 100 score poinfs. 
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Females performed better than males in mathematics. The gender 
gap is negligible (about 3 per cent of a SD in mathematics achievement), 
and remains invariant as children get older (see nonsignificance of Sex x 
Age coefficient in Table 2). Children whose mothers were teenagers at 
their birth scored lower in math. On average, measured by the censored 
random effects model, they performed 11 per cent of a SD in mathem- 
atics below the other students. These differences increased as they ad- 
vanced in school (see that the Teenage mother x Age coefficient in Table 2 
is statistically significant). Children from immigrant families performed 
better than native Canadians irrespective of their family SES. The gap 
attributed to migration status amounts to less than 10 per cent of a SD in 
mathematics and remained stable with age (see nonsignificance of Immi- 
grated X Age coefficient in Table 2). 

The mathematics growth rate of students was positive and statistic- 
ally significant. Children thus grew in their mathematics skills as they 
got older. According to the Age coefficient, for one month increment at 
the age of 12, children grew in about 3 score points in mathematics. Or, 
they grew in about 36 per cent of a SD in mathematics during a one-year 
period. The relationship between age and mathematics achievement is 
not constant. We found that the acceleration parameter (i.e., the Age^ 
coefficient) was negative and statistically significant, indicating a curvi- 
linear trend for the mathematics achievement trajectory of students. 
From the age of 12 to 15 years, students grew in their mathematics skills 
at a decreasing rate of change. 

Figure 1 depicts the mathematics achievement trajectory for low and 
high SES students based on estimates of hierarchical linear models. We 
arbitrarily defined high SES students as those with average SES of the 
top SES quartile and low SES students as those with average SES of the 
bottom SES quartile. Eigure 1 offers a simple empirical grounding of the 
existence of gaps across ages. Differences between SES groups tended to 
widen with age, favouring students of high SES families. Subsequent 
multivariate analysis characterizes these differences in more detail. They 
are expressed interchangeably in terms of the SES gap or SES effects. 
Given the SES original scale (M=0, SD=1), SES effects (coefficients) are 
equivalent to a mathematics achievement gap for an average SES gap of 
one SD. 
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Table 2 

Trajectory of the Math Achievement Gap attributed to SES: Estimates of Specification 2 {B=Unstandardized Regression 

Coefficients; SE=Standard Error) 


Panel data model 


Censored ran- 

Fixed effects Random effects dom effects 


HLM 



B 

SE 

B 

SE 

B 

SE 

B 

SE 

Intercept 

489.07* 

(0.59) 

515.07* 

(1.60) 

519.99* 

(1.66) 

492.87* 

(0.86) 

Period effects 









Cycle 2 



-3.13* 

(1.34) 

-7.52* 

(1.40) 



Cycle 3 



-21.56’^ 

(1.57) 

-26.88* 

(1.63) 



Cycle 4 



-40.59^^ 

(1.94) 

-45.80^^ 

(2.01) 



Control variables 









Sex (female=l) 



3.3r 

(1.37) 

3.25^^ 

(1.41) 

4.34* 

(1.56) 

Teenage mother 



-11.18’^ 

(3.46) 

-11.25’^ 

(3.57) 

-9.26* 

(3.57) 

Number of siblings 

-0.50 

(1.12) 

-0.01 

(0.68) 

-0.06 

(0.71) 

-1.30 

(0.99) 

Single parenf family 

-0.15 

(2.47) 

-1.97 

(1.63) 

-2.15 

(1.68) 

-3.90 

(2.54) 

Immigrafed fo Canada 



7.63^^ 

(2.57) 

7.80^^ 

(2.64) 

8.64* 

(2.91) 
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Age effects 


Age 

2.54‘*' 

(0.02) 

3.18* 

(0.03) 

3.18’^ 

(0.03) 

2.64‘*' 

(0.03) 

Age2 

SES across age 

-o.or 

(0.00) 

-o.or 

(0.00) 

-0.005^^ 

(0.00) 

-o.or 

(0.00) 

SES 



17 29 * 

(0.88) 

17.33’^ 

(0.91) 

16.87‘*' 

(0.93) 

SES X Age 

0.27’*' 

(0.02) 

0.27’*' 

(0.02) 

0.26^^ 

(0.02) 

0.27’*' 

(0.03) 

SES X Age^ 

Control variables across age 

0.003^^ 

(0.00) 

0.003^^ 

(0.00) 

0.003^^ 

(0.00) 

0.003^^ 

(0.00) 

Sex X Age 

-0.01 

(0.04) 

-0.01 

(0.03) 

0.00 

(0.03) 

0.03 

(0.04) 

Teenage mother x Age 
Number of siblings x 

-0.35^^ 

(0.10) 

-0.37’*' 

(0.09) 

-0.35* 

(0.09) 

-0.30^^ 

(0.09) 

Age 

Single parent family x 

0.04 

(0.02) 

0.05^^ 

(0.02) 

0.05* 

(0.02) 

0.02 

(0.02) 

Age 

Immigrated to Canada x 

0.08 

(0.05) 

o.ir 

(0.05) 

0.11* 

(0.05) 

0.04 

(0.06) 

Age 

0.10 

(0.07) 

0.08 

(0.06) 

0.07 

(0.07) 

0.08 

(0.07) 


Note. The data consists of 6,290 individuals and 15,847 observations. 
><0.05 
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Figure 1 

Predicted Math Achievement Trajectories for Low and High SES Students 

(HIM Estimates) 


Low SES High SES 



Note. Low and high SES students represent students in the bottom and top SES 
quartile, respectively. 

The different regression techniques consistently indicate that the SES 
gap at the age of 12 years amounts to about 17 per cent of a SD of the 
mathematics measure (see SES coefficients in Table 2). They also lend 
support for a widening gap with age. The SES x Age coefficient amounts 
to about 0.3 score points, indicating that the gap widens in about 3.6 
score points (0.3’^12) from the age of 12 to 13 years. That is, the gap in- 
creased 20 per cent in this year period. But the SES gap did not widen at 
a constant rate of change. That the SES x Age^ coefficient was positive 
and statistically significant suggests that the gap between higher and 
lower SES students widened at an increasing rate of change with age. 
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What is most striking in Table 2 is that eshmates of the trajectory of 
fhe SES gap are remarkably consistenf among fhe differenf regression 
fechniques. The magnifude of SES, SES x Age, and SES x Age^ coefficienfs 
is quife similar among panel dafa models and hierarchical linear models. 
In all cases, fhey indicafe a curvilinear SES gap frajecfory. Thus, nof sur- 
prisingly, esfimafes of fhese models underpin virfually overlapping fra- 
jecfories. Figure 2 presenfs fhese frajecfories from fhe age of 7 fo 15 years. 
The x-axis is fhe age of sfudents in monfhs and fhe y-axis is fhe mafhe- 
mafics achievemenf differences atfributable fo a gap of one SD in SES. 

Figure 2 

Trajectory of the Academic Achievement Gap Attributed to SES (Estimates of 

Specification 2) 


Fixed effects 


Random effects ••••Cen.sored random effects HLM 



Age (in months) 


Note. The fixed effects line assumes that the SES effect at age 144 months is sim- 
ilar to that of the random effects model. 
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Figure 1 and 2 suggest that the SES gap remained fairly stable during 
the first years and sharply increased after a particular point in time. 

Table 3 offers more compelling evidence of fhis paffern. If reporfs 
poinf esfimafes of fhe SES gap af each age level and mean comparison 
fesfs of fhe SES gap across age levels based on fhe censored random ef- 
fecfs model, fhe model fhaf counferacfs ceiling values in fhe mafhemafics 
measure.2 The SES gap is posifive and sfafisfically significanf af each age 
level. If is nof significanfly differenf befween fhe ages of 7 and 11 years. 


Table 3 

Mean Comparison Tests of the SES Gap in Math Achievement 
(Estimates of the Censored Random Effects Model) 




7 

8 

9 

10 

11 

12 

13 

14 

15 

Age/Mean 

Gap 

12.41 

13.28 

11.48 

12.65 

13.75 

19.66 

23.02 

32.07 

27.20 

7 

12.41 

0 









8 

13.28 

1 

0 








9 

11.48 

-1 

-1 

0 







10 

12.65 

1 

-1 

1 

0 






11 

13.75 

1 

1 

1 

1 

0 





12 

19.66 

1 

1 

1 

1 

1 

0 




13 

23.02 

1 

1 

1 

1 

1 

1 

0 



14 

32.07 

1 

1 

1 

1 

1 

1 

1 

0 


15 

27.20 

1 

1 

1 

1 

1 

1 

1 

-1 

0 


Note. A value of 1, -1, and 0, indicates that the SES gap at the age level in the row 
is higher, lower, and equal from that of the column, respectively. Shadowed cells 
indicate statistically significant differences (p<0.05). 


2 


Results from other regression techniques are similar and are available on request from 
the authors. 
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But, at the age of 12 years and beyond, the mathematics achievement 
gap between students of higher and lower SES families significanfly wi- 
dens (see Table 3). Therefore, fhe verfical line af fhe age of 144 monfhs in 
Figure 2 marks fhe beginning of a widening gap. 

The average gap from fhe age of 12 fo 15 is fwice as large as fhe aver- 
age gap from fhe age of 7 fo 11 years (26 per cenf and 13 per cenf of a SD 
in mafhemafics achievemenf, respecfively). The gap increases sfead-ily af 
an average rafe of 33 per cenf per year from fhe age of 12 fo 14 years (see 
Table 3). Af fhe age of 15 years, fhe gap seems fo level off. If decreases 
from 32 score poinfs af fhe age of 14 fo 27 score poinfs af fhe age of 15, 
buf if is sfill significanfly greafer than the SES gap at the age of 12 or be- 
fore (see Table 3). Also, alfhough smaller, if is nof significanfly differenf 
from fhe gap af fhe age of 14 years. Dafa age range resfricfions preclude 
examining whefher fhe gap af fhe age of 15 announces fhe beginning of a 
new frend or nof. 

Overall, esfimafes of regression models reporfed in fables, figures, 
and mean comparison fables consisfenfly indicafe fhaf fhe mafhemafics 
achievemenf gap associafed wifh SES widens from childhood fo adoles- 
cence. The frajecfory of fhe SES gap fifs a quadrafic functional form, 
namely, fhe gap widens af an accelerafing rafe of change fhroughouf fhis 
period. Parficularly, if seems fhaf fhe gap remains sfable from fhe age of 
7 fo 11. Thereaffer, sfudenfs of lower SES families increasingly diverge 
from fheir higher SES peers up fo fhe age of 15 years. 

DISCUSSION AND CONCLUSION 

The resulfs of fhis sfudy indicafe a widening gap in mafhemafics 
achievemenf befween sfudenfs of higher and lower SES families in Can- 
ada. This finding, consisfenf wifh fhe cumulative advanfage fheory, adds 
fo fhe evidence fhaf educafional disparifies associafed wifh family back- 
ground fend fo increase as sfudenfs advance in school (Basf & Reifsma, 
1998; DiPrefe & Eirich, 2006; Jensen, 1966, 1974). And if suggesfs fhaf 
children would benefif nof only from infervenfion programs imple- 
menfed early in fheir childhood, buf also from lafer programs imple- 
menfed when fhey are adolescenfs. 

More specifically, we have found evidence fhaf fhe SES gap remains 
roughly sfable from fhe age of 7 fo 11 years, fhaf is, more or less befween 
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grades 2 and 6. Thereafter, the gap widens at an increasing rate of 
change up to the age of 15 years, that is, from about the beginning of 
grade 7 to grade 10. In other words, achievement differences among stu- 
dents of varying socio-economic backgrounds remain invariant during 
elementary school and sharply widen in the transition from elementary 
school to middle school. Furthermore, throughout middle school years 
and up to the begirming of high school, the gap widens at an increasing 
rate of change. Ultimately, the average gap between the ages of 12 to 15 
years is twice as large as the average gap between the ages of 7 to 11 
years. 

Our analysis on the trajectory of the gap utilizes more appropriate 
and sophisticated methods than in previous studies. Particularly, we ad- 
vance prior research by drawing on a four-time point longitudinal de- 
sign and applying regression techniques suited for the analysis of longi- 
tudinal data whereby we address the ceiling effects problem in the 
mathematics achievement measure. Most research relies on cross- 
sectional data or longitudinal data with two or, at best, three data points 
(e.g., Guo, 1998; Hoffer, 1992; Ross & Wu, 1996; Willms, 2002) and there- 
fore tends to confound age and cohort effects or provides a rather limited 
source of intra-individual variation to study change in the gap. Instead, 
our study uses the first four data points of the NLSCY to estimate the 
trajectory of the gap in mathematics achievement, thereby increasing the 
validity of the trajectory of the gap (Baltes, Reese, & Nesselroade, 1988; 
Bryk & Raudenbush, 1987). 

Furthermore, we use both hierarchical linear models and panel data 
models to estimate the trajectory of the gap. Panel data models produce 
point estimates of the gap at each level from the age of 7 to 15 and the 
panel data censored model accounts for ceiling values in the mathem- 
atics measure by incorporating the probability of scoring at or above the 
ceiling value within the model estimation algorithm. Hierarchical linear 
models enable estimating individual growth trajectories for higher and 
lower SES students as they get older. Estimates of the different regres- 
sion techniques are strikingly similar with respect to the trajectory of the 
gap they produce, a conclusion which conveys that our results are quite 
robust. 
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Limitations 

This study is not without limitations. A first limitation is the rather low 
response rate of fhe mafhemafics fesfs whereby a pofenfial source of bias 
is infroduced. The low response rafe, however, was nof simply due fo 
affrifion, buf fo fhe fhree-fier process fhaf Sfafisfics Canada used fo ob- 
fain permission fo tesf children af school, a process nof necessarily re- 
lafed fo SES. Furfhermore, our models confrol for a number of demo- 
graphic facfors fhaf may be relafed fo fhe response rafe and, in unre- 
porfed analyses, we found fhaf SES was relafed fo fhe response rafe, buf 
fhe inferacfion of SES wifh age was nof. Therefore, alfhough we may 
have failed fo esfimafe unbiased mean effecfs of SES on mafhemafics 
scores even affer including confrols in our models, we base our findings 
on fhe inferacfion of SES wifh age, which is nof sysfemafically relafed fo 
fhe response rafe. Thus, we expecf fhis limifafion nof fo seriously fhreaf- 
en fhe validify of our resulfs. 

A second limifafion is fhaf fhe mafhemafics fesfs included a small 
number of ifems and fhus covered a fairly limifed domain of mafhem- 
afics skills. However, in earlier work based on a cross-secfional analysis 
of fhe NLSCY, Willms (1996) found remarkable consisfency befween re- 
sulfs based on fhe NLSCY fesf and fhose based on more exfensive curri- 
culum-based measures. We expecf fhaf fhe gradienfs in mafhemafics per- 
formance may be sfronger for fesfs fhaf place a greater emphasis on 
problem solving and higher-order skills. If fhis is fhe case, fhen our anal- 
ysis likely underesfimafes fhe sfrengfh of fhe socio-economic gradienfs 
for mafhemafics. A relafed limifafion is fhe focus on fhe area of mafhem- 
afics. 

We have found a widening gap in mafhemafics achievemenf, buf we 
cannof generalize fhis finding fo academic achievemenf in ofher academ- 
ic areas. Here, based on a mefa-analysis. Cooper, Nye, Charlfon, Lindsay, 
and Greafhouse (1996) expecf an even greafer gap wifh increasing age in 
reading skills in lighf of fhe limifed access of lower SES families fo read- 
ing maferials and language learning opporfunifies compared fo higher 
SES families. Buf Gamoran (1992) suggesfs fhaf inasmuch as insfrucfional 
differenfiafion is more variable among schools in mafhemafics fhan in 
English, we should expecf a sharper, widening achievemenf gap in 
mafhemafics fhan in English. In fhis case, fhe widening mafhemafics gap 
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reflects greater between school differences in the organization of math- 
ematics instruction. Further research should examine how this gap 
evolves in different subject areas. 

A final limitation is the restriction of this analysis to tests of the ef- 
fects of SES without direct tests of the mechanisms that produce these 
results, e.g., course-level grouping practices, family influences during the 
summer break, and student expectations. This factor certainly limits our 
ability to offer guidelines for the design and improvement of educational 
and social policies. We certainly need more precise theorizing and more 
systematic empirical study of the mechanisms giving rise to a widening 
gap to define the foci of intervention programs. And, we need to move 
beyond the descriptive characterization of the gap toward a deeper 
understanding of the reasons why achievement trajectories diverge 
among SES groups. Although this information is beyond the scope of 
this article, earlier we reviewed studies of school and non-school influ- 
ences on the gap and, drawing on them and our own ideas, we can post- 
ulate hypotheses to explain our findings and discuss their implications 
for policy and research. 

Implications for Policy and Research 

A first hypothesis is that because school practices are not neutral in their 
treatment of students of varying socio-economic backgrounds, they med- 
iate SES increasing effects on academic achievement. This hypothesis is 
consistent with Kerckhoff's (1993) argument about institutional arrange- 
ments: socio-economically biased assignment into groups during school 
years produces divergent educational outcomes among SES groups (i.e., 
low SES children being repeatedly located in low ability groups and high 
SES children, in high ability groups). Even in systems that do not assign 
students into different schools, ability grouping within classes and/or 
course-enrolment patterns, as in Canada, can have the same effect (Elof- 
fer, 1992; Schnabel et al., 2002). 

If this is the case, ability grouping and course-level grouping practic- 
es are not necessarily to be abandoned, but they can be redefined in light 
of studies examining the effects of various grouping practices on the gap 
between higher and lower SES studies. Researchers need to know how 
these practices affect what actually happens in the classroom, for exam- 
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pie, teacher's pace of instruction and use of time, student participation, 
or class discussion. And based on this evidence, educators should en- 
courage grouping practices that reduce the gap, without compromising 
the advantages of students in higher ability groups. Teachers, principals, 
and all educational actors involved in the definition of grouping prac- 
tices should be informed of the effect of groupings and they should make 
decisions based on this evidence. Then grouping could perhaps be more 
effectively implemented. 

A second hypothesis is that the out-of-school context increases dis- 
parities among SES groups. Children spend much of their time outside 
school and the quality of non-school environments varies widely. Thus, 
some scholars argue that the out-of-school context, mainly the family 
environment, produces divergent achievement trajectories among high 
and low SES students (Alexander, Entwisle, & Olson, 2001, 2007; Down- 
ey, von Hippel, & Broh, 2004). The school serves actually as equalizer. 
Although schools do not reduce disparities in the absolute sense, these 
increase less when school is in session. 

If this reason explains our finding of a widening gap, policy makers 
should focus their efforts on improving the family environment of low 
SES children and increasing their exposure to schooling. Although the 
former alternative is less amenable to policy intervention, educational 
authorities can take concrete actions to increase and improve the quant- 
ity and quality of time children spend in school. Summer and after- 
school programs targeted at students of low SES families are the most 
obvious approaches. For example, Alexander, Entwisle, and Olson (2001) 
suggest summer enrichment programs with a strong curriculum focused 
on reading, it being the foundation for all that follows. They argue that 
educational policies that increase access to books can have an important 
impact on achievement, particularly for less advantaged children. Also, 
researchers recommend non-academic activities outside the classroom 
setting that support learning such as (a) visiting parks, museums, 
science centres, or zoos; (b) taking swimming, dance, or music lessons; 
(c) going to the library; or (d) practising sports during the summer break. 

Another hypothesis is that mathematics success in the higher grades 
places greater emphasis on reading skills and involves tasks that require 
higher-order skills. Inasmuch as these skills are related to SES, because 
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the requirements for mathematics increase when students reach second- 
ary school, then the SES-achievement gradient becomes stronger. Still 
another hypothesis is that the SES gap widens because low SES children 
are more negatively impacted by the transition from elemenfary school 
fo middle school because fhey fend fo migrafe fo lower SES schools 
compared fo high SES children. 

The NLSCY does nof have fhe available dafa fo fesf fhese hypofhes- 
es; we feel fhey deserve affenfion in fufure longifudinal sfudies. Cerfain- 
ly, fhis research needs fo be done fo increase educafors' undersfanding of 
how and why fhe SES gap changes wifh age. This sfudy represenfs an 
inifial sfep fo examine fhe frajecfory of fhe gap wifh more appropriafe 
mefhods fhan in fhe pasf. Buf furfher research should examine fhe mech- 
anisms underlying changes in fhe gap, whefher fhey vary for differenf 
academic areas and af differenf school periods, while using, of course, 
sound mefhods. Undersfanding fhese mechanisms is fundamenfal fo 
provide informafion for fhe design and improvemenf of social policies. 
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Appendix A 


Table A 

Unweighted Descriptive Statistics of Study Variables (N=15,847) 


Characteristic 

M 

SD 

Math achievement 

458.53 

106.96 

Cycle 2 

0.30 

0.46 

Cycle 3 

0.28 

0.45 

Cycle 4 

0.26 

0.44 

Sex (female=l) 

0.50 

0.50 

Teenage mother 

0.04 

0.20 

Number of siblings 

1.27 

0.88 

Single parent family 

0.16 

0.36 

Immigrated to Canada 

0.08 

0.27 

Age of 7 

0.09 

0.29 

Age of 8 

0.11 

0.32 

Age of 9 

0.13 

0.34 

Age of 10 

0.15 

0.36 

Age of 11 

0.14 

0.35 

Age of 12 

0.12 

0.33 

Age of 13 

0.10 

0.30 

Age of 14 

0.08 

0.27 

Age of 15 

0.06 

0.24 

Age in months 

133.77 

27.69 

SES 

0.02 

0.90 




